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© Method and apparatus for fire control. 



© Method and apparatus for fire control comprising 
the use of a gas-liquid twin fluid spray nozzle. In one 
embodiment the spray nozzle comprises a mixing 
chamber (1) having a gas inlet (4) and one or more 
outlets (6) at opposite ends, two or more liquid inlets 
(7) between the gas inlet (4) and the outlets (6) and 
a mixing zone <11) between the liquid inlets (7) and 
the outlets (6). In another embodiment the spray 
nozzle comprises a mixing chamber having a plural- 
^wity of gas inlets, liquid inlets and outlets, the inner 
^surface of the mixing chamber being capable of 
.aiding mixing of gas and liquid introduced through 
l^jthe inlets. The nozzles may be used in fixed, porta- 
<*>ble or semi-portable fire control systems. 
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METHOD AND APPARATUS FOR FIRE CONTROL 



This invention relates to fire control and in 
particular to a method and apparatus for fire control 
by use of one or more a spray nozzles. 

Fire control may comprise one or more fo the 
following activities; extinguishing a fire, limiting the 
development or spread of a fire, cooling the fire 
and its environs, cooling areas adjacent to the fire, 
increasing the survivability of an enclosed space 
by stripping smoke, fumes and the like from the 
space, reducing flame radiation intensity and other 
activities. Sprays of non-flammable liquid may be 
used in fire control. 

Liquid drop size distribution in a fire control 
spray is of paramount importance in fire control. 
Coarse drops of non-flammable liquid used to ex- 
tinguish or cool fires have higher penetration into 
the core of the fire than fine drops, but may flood 
part of the fire. Water based liquids when engulfed 
in the intense temperature zones of flames, may be 
brought to boiling rapidly and subsequently 
vaporise violently with explosion, thus spreading 
the fire (a situation with devastating consequences 
particularly in crude oil fires). Fine drops may fall 
short of penetration into the core of the fire be- 
cause most of them vaporise en route to the fire 
with very little temperature reduction effect. Too 
fine drops may also be a hazard to operators and 
equipment because they strip down a considerable 
amount of the smoke produced, thereby inten- 
sifying the fire (i.e. they produce more radiant 
flames). Both types of drops; coarse and fine, 
produce steam, which being of higher vapour pres- 
sure than just atmospheric air, may be a hazard, 
particularly in confined fire situations. 

It is generally difficult to achieve a spray of 
liquid drops of a suitable size for fire control with 
the necessary range or "throw" using conventional 
single fluid spray nozzles. Most known single fluid 
fire control nozzles require high back pressures to 
achieve sprays with long throws (e.g. pressures 
ranging from 10 to 30 barg to achieve throws of 
about 1 0m in still air conditions). Apart from impos- 
ing heavy loads on the liquid supplying pumps, 
these nozzles may limit the operators mobility (in 
the case of hand held nozzles for mobile fire con- 
trol). To achieve long throws a solid jet is required 
to be formed by the nozzle, the spray from which 
covers only a limited area of the fire concerned, 
and is thus normally used for extinguishing isolated 
pockets of fires. Long throw single fluid spray noz- 
zles tend to produce sprays of coarse drops of 
liquid because they rely upon the ambient air to 
break up the liquid. Spray jet type nozzles produce 
sprays having shorter throws. These cover a much 



wider area of the fire, and are normally used for 
reducing the intensity/temperature of the fire in the 
early stages of fire control. Short throw spray jet 
type nozzles tend to produce sprays of finer drops 
5 of liquid. Some single fluid spray nozzles, used for 
mobile fire control, can operate in both modes, i.e. 
as solid jet or spray jet. 

However, it has been found that by using a 
gas-assisted, spray nozzle, a spray having liquid 

io drops of suitable size for fire control and with the 
desired throw can be achieved. 

Thus, according to the present invention there 
is provided a method of fire control by use of a 
spray nozzle, comprising supplying to the spray 

75 nozzle separately and under pressure, non-flam- 
mable gas and non-flammable liquid, the spray 
nozzle having a mixing chamber with at least one 
gas inlet, at least one liquid inlet and at least one 
outlet, and directing the resultant spray emerging 

20 from the outlet to control the fire. 

According to the present invention there is also 
provided a spray nozzle for use in fire control, the 
nozzle comprising a mixing chamber having at 
least one inlet for pressurised, non-flammable gas, 

25 at least one inlet for pressurised, non-flammable 
liquid and at least one outlet for the resultant spray. 

According to the present invention there is also 
provided apparatus for use in fire control, the ap- 
paratus comprising one or more spray nozzles 

30 having mixing chambers with at least one gas inlet, 
at least one liquid inlet and at least one outlet, and 
means for supplying pressurised, non-flammable 
gas to the gas inlets, and means for supplying 
pressurised, non-flammable liquid to the liquid in- 

35 lets. The apparatus may be in the form of a fixed 
installation, semi-portable or portable. 

In a first embodiment of the present invention 
the method and apparatus may be used for fixed or 
mobile fire control using a spray having a relatively 

40 long throw. In this embodiment the spray nozzle 
comprises a mixing chamber, preferably cylindrical 
in shape, having a gas inlet and one or more 
outlets, the gas inlet and the outlets being at op- 
posite ends of the mixing chamber, the mixing 

45 chamber having two or more liquid inlets between 
the gas inlet and the outlets, and the mixing cham- 
ber having a zone between the outlets and the 
liquid inlets for the gas and liquid to mix. Prefer- 
ably, the mixing chamber has a second zone be- 
so tween the gas inlet and the liquid inlets. Preferably 
the liquid inlets are equally spaced circumferen- 
tially around the mixing chamber. Preferably, the 
liquid inlets are in a common plane perpendicular 
to the axis of the mixing chamber. The liquid inlets 
may be directed skew with respect to the axis of 
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the mixing chamber but are preferably directed 
radially with respect to the axis. Preferably, there is 
a single outlet which is narrower than the mixing 
chamber, thereby defining a lip at the outlet and 
the mixing chamber has an inner surface which is 
contiguous with the lip. The outlet may have a 
spray shaping or modifying device. The nozzle 
may have a plurality of outlets directed to produce 
a spray of the required shape and throw. The 
mixing chamber may have more than one gas inlet 
but preferably has fewer gas inlets than liquid 
inlets. 

In use, pressurised, non-flammable gas is sup- 
plied to the gas inlet at sufficiently high pressure to 
achieve ultimately a spray with the desired quality 
and throw and pressurised, non-flammable liquid is 
supplied to the liquid inlets. It is believed that the 
pressurised gas entering the mixing chamber 
shears the liquid entering through the liquid inlets 
and entrains most of the liquid to give a liquid 
dispersion in the gas in the zone between the liquid 
inlets and the outlets. As this dispersion leaves the 
mixing chamber through the outlets it expands to 
form a spray of liquid drops. Preferbly, the relative 
locations of the inlet ports and the pressure/flow 
characteristics of the gas and liquid are adjusted so 
that recirculation of the dispersion does not take 
place in a second zone, between the liquid inlets 
and the gas inlet In the embodiment comprising a 
nozzle having a lip, it is believed that liquid that 
coalesces on the inner surface of the mixing cham- 
ber and in the first zone tends to be returned to the 
mixing chamber to be subsequently dispersed in 
the spray. 

In a second embodiment of the present inven- 
tion the method and apparatus may be used for fire 
control using a spray having a relatively short throw 
and with relatively low gas and liquid throughputs. 
In this embodiment the spray nozzle comprises a 
mixing chamber having a plurality of liquid inlets, a 
plurality of gas inlets and a plurality of outlets. The 
mixing chamber also has an inner surface capable 
of aiding mixing of gas and liquid introduced 
through the inlets. The shape of the surface urges 
the gas and liquid to come together after they have 
impinged on one another thereby, it is believed, the 
gas rarities the liquid, which is believed to be the 
early stage of drop formation. Preferably, the inlets 
are directed so that gas and liquid flows through 
the inlets impinge on one another to mix within the 
mixing chamber and to avoid unmixed gas or liquid 
leaving the mixing chamber. Preferably the outlets 
are equally disposed circumferentially around one 
end of a longitudinal axis of the mixing chamber. 
The outlets may be positioned to provide a spray 
of a given shape. Preferably, the gas inlets are 
disposed circumferentially around the mixing 
chamber. Preferably, the liquid inlets are disposed 



circumferentially around the mixing chamber. The 
liquid inlets may be radially outside the gas inlets 
or the gas inlets may be radially outside the liquid 
inlets. This interchangeability offers advantages of 

5 scaling the nozzle for different applications. Prefer- 
ably, the gas inlets are radially outside the liquid 
inlets. There may be more radially outer inlets than 
radially inner inlets. 

In use, a non-flammable liquid is supplied to 

w the liquid inlets and a non-flammable gas is sup- 
plied to the gas inlets at sufficiently high pressure 
to achieve ultimately a spray having the desired 
quality and throw. It is believed that the gas and 
liquid are mixed in the mixing chamber prefer- 

75 ably.by shear and recirculation and then leave the 
chamber through the outlets in the form of a spray. 
The spray may be in the form of a hollow cone and 
the spray angle is defined as the angle between 
two longitudinal axes of any two diametrically op- 

20 posed outlets. 

In the method of the present invention, the gas 
is preferably air but other gases such as nitrogen, 
carbon dioxide or mixtures of air and nitrogen or 
even halon may be used. Preferably, the liquid is 

25 water or a water solution. However, it is envisaged 
that other liquids may be used such as non-flam- 
mable fire extinguishing liquids, for example, water 
solutions containing fire suppressants or dousing 
agents. 

30 Without wishing to be bound by any theory as 

to the working of the spray nozzle according to the 
present invention, it has been found that the throw 
and drop size distribution of the spray is dependent 
upon such factors as the pressure inside the mix- 

35 ing chamber, the pattern of mixing in the mixing 
chamber, the spray angle and the throughput of 
gas and liquid through the nozzle. It is believed 
that the extent of mixing of the gas and liquid in 
the spray nozzle is dependent upon inter alia the 

40 size of the mixing chamber, interaction of the gas 
and liquid in the mixing chamber, the pressure and 
flow characteristics of the gas and liquid and to a 
lesser extent on the shape of the mixing chamber. 
Thus for example, the more thorough the mixing of 

45 the gas and liquid in the mixing chamber, the 
smaller the liquid drops in the resultant spray. Fine 
sprays, that is small liquid drops, tend to be pro- 
duced when the pressure in the mixing chamber is 
relatively high and the size of the mixing pattern is 

so such as to minimise coalescence of the drops 
before they leave the chamber. When the mixing 
chamber is operated at a lower pressure the mass 
throughput of gas must be increased to achieve a 
spray having liquid drops as small as in high pres- 

55 sure operation. It has been found that increasing 
gas flow or pressure above a certain optimum has 
little benefit in producing sprays with smaller liquid 
drop size. Coarse sprays, that is sprays with large 
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liquid drops, may be produced by using less gas 
and/or allowing increased coalescence in the mix- 
ing chamber when high pressures are used. 

It is believed that when the spray is being 
directed at a fire in fire control the spray has the 
necessary throw to effect satisfactory fire penetra- 
tion and that the drops, although they lose weight 
due to evaporation on leaving the nozzle and be- 
fore reaching the fire core, retain their liquid state 
as they reach the fire core. This allows substantial 
heat absorption from the fire as the liquid drops 
evaporate, particularly in the case of water based 
liquids having a high latent heat of evaporation and 
high heat capacity. It is believed that the water- 
based spray, in addition to providing a large and 
rapid reduction in temperature of the fire core, also, 
once it has changed to vapour in the hot environ- 
ment provides water molecules which may narrow 
the flammability limits of the combustibles in the 
fire core by inhibiting the combustion reactions at 
the molecular level. It is also believed that the 
temperature reduction effect helps prevent re-igni- 
tion of the fire. For liquid hydrocarbon based 
fires.formation of a water-oil emulsion, which may 
be enhanced by stripped smoke particles, may 
also help prevent re-ignition. 

It is envisaged that the fire control method and 
apparatus of the present invention may have nu- 
merous applications and uses. The apparatus may 
be in the form of fixed installations eg. in buildings 
or vehicles, in the form of semi-portable instaila- 
tions eg. fire control hoses or in the form of porta- 
ble equipment eg. portable fire extinguishers. 

Thus the method and apparatus according to 
the present invention using a spray having a long 
throw may be used to control relatively large fires 
by mobile attack or by fixed installations. This 
method may be particularly beneficial in controlling 
oil fires by use of a spray of liquid drops of a 
suitable size to reduce the danger of possible 
explosion caused by violent vaporisation of a water 
based liquid that builds up and is engulfed in the 
fire core. 

The method and apparatus according to the 
present invention using a spray having a short 
throw may be used for fixed, mobile or portable fire 
control in a confined space wherein a number of 
spray nozzles may be provided for fire control over 
a large area of the confined space, the nozzles 
having a suitable throw and being arrayed accord- 
ing to the geometry of the confined space and the 
likely nature of the fire. The confined space may 
be the interior of a vehicle such as an aircraft, the 
interior of a building or of a tunnel. During a fire 
emergency in a confined space the risk to life is 
particularly acute because of the limited time avail- 
able for trapped personnel to escape before heat, 
smoke, noxious fumes and the lack of oxygen 



render the environment uninhabitable. The hazards 
are further increased by the high risk of a fire front 
(flashover) developing and by the possibility of the 
fire spreading, which may cut off escape routes or 

s may even result in explosions of, for example, fuel 
if the confined space is a vehicle such as an 
aircraft. These hazards have been tragically illus- 
trated in recent incidents involving aircraft fires. It is 
believed that the present invention provides a 

to method of fire control by means of extinguishing a 
fire in the early stages of development or of limit- 
ing the spread of an established fire using a limited 
liquid supply. By using a supply of clean, cool air 
as the gas supply to the spray nozzle it is believed 

75 that the present invention has the further advan- 
tages of supplying cool gas to further reduce the 
temperature inside the confined space and provid- 
ing air to improve the breathability of the environ- 
ment for persons in the confined space. This is 

20 particularly the case if by suitable positioning of the 
nozzles in the confined space the water drops are 
propelled towards the fire, but the air tends to lose 
its momentum as it imparts its kinetic energy to the 
liquid and instead of feeding the fire tends to stay 

25 in the environs of the nozzle to assist the sur- 
vivability of the environment for the individuals in the 
confined space. This may also be beneficial for 
portable or semi portable apparatus which are op- 
erated by an individual. 

30 ft is further envisaged that when the method 

and apparatus according to the present invention is 
supplied to confined spaces, the supply of gas 
and/or liquid may be used to drive pumps or ex- 
tractors capable of extracting hot gases and vap- 

35 ours from the confined space. The spray nozzles 
may be supplied directly by the liquid and/or gas 
or alternatively, they may be supplied by the liquid 
and/or gas after it has passed through the pumps 
or extractors, ft is also envisaged that the pumps or 

40 extractors may be driven indirectly by the gas and 
liquid. Thus if the confined space is pressurised.for 
example an aircraft cabin, and air/water are used, 
the air and water vapour produced by vaporisation 
of the water spray may lead to an increase in the 

45 pressure of the confined space. This pressure may 
be regulated by means comprising letting down the 
pressure through the extractors or aircraft pres- 
surisation system thereby removing hot noxious 
fumes and vapour from the confined space. The 

so pumps or extractors and spray nozzles may be 
associated together in single units or alternatively, 
they may be positioned separately, for example. 
The spray nozzles may be located above a region 
of high fire risk and the pumps or extractors may 

55 be located at a high point, where hot noxious 
fumes are likely to collect. 

The relatively small amount of liquid required 
in the spray nozzle according to the present inven- 
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tion having a relatively short throw makes this 
embodiment particularly suitable for use in vehicles 
and the like where a limited amount of liquid is 
available, in this embodiment the liquid supply for 
the spray may be derived from the on-board water 
supply to allow operation when the vehicle is in 
motion. The gas supply may be similarly derived 
from the vehicle's own compressed gas supply. 
Pumps or extractors, if present, may exhaust into 
the vehicle's air conditioning vents or extraction 
vents. Vehicles to which this invention may be 
applied include trains, tanks and armoured vehicles 
and the like, ships, hovercraft, submarines and, 
most preferably, aircraft. Thus, in the event of a fire 
on an aircraft whilst it is on the ground at an 
airport, for example, the development or spread of 
the fire may be limited by utilising services (air and 
water) available from within the aircraft. This pro- 
vides valuable time during the initial stages of a fire 
for passengers and crew to escape prior to the 
arrival of any emergency services. It is envisaged 
that the water could be supplied at pressure by 
means of pressurised air from a receiver in the 
event of power failure in the vehicle. It is envisaged 
that the limited amount of water available and the 
compressed air supply on the aircraft could be 
augmented by the emergency services; upon their 
arrival, in addition to the conventional fire control 
procedures that would be implemented. 

In another embodiment of the present invention 
the method and apparatus may be applied to con- 
fined spaces where the use of excessive amounts 
of liquid, such as might be required in conventional 
fire control, is to be avoided. Such an embodiment 
may include tunnels, mines and other underground 
workings, where excessive amounts of liquid may 
cause problems of flooding or may include situ- 
ations where electrical hazards are present. In this 
embodiment the spray nozzles may have long or 
short throw sprays as appropriate and may be 
provided as fixtures within the tunnel itself or, may 
be associated with vehicles travelling through the 
tunnel. Thus, for example, trains travelling through 
the tunnel may be equipped with spray nozzles 
deriving their liquid and gas supplies from the train 
and being positioned in area of highest fire risk 
such as wagons or carriages transporting vehicles 
or flammable liquid. 

In yet a further embodiment of the present 
invention, the method and apparatus may be ap- 
plied where it is desirable to minimise damage due 
to excess liquid usage, for example hotels, ware- 
houses and the like. 

The invention will now be described by way of 
example only and with reference to the accom- 
panying drawings. 

Figures 1 and 2 represent in cross-section 
spray nozzles for producing relatively long throw 



sprays according to the present invention. Figures 
3 and 4 represent in longitudinal cross-section and 
end view respectively, a spray nozzle as in Figure 
2 but having a spray shape modifier. Figure 5 

5 shows in longitudinal cross-section a spray nozzle 
according to the present invention for producing a 
relatively long throw spray. Figure 6 shows the 
same nozzle as in Figure 5 in end view on B-B. 
Figure 7 shows the nozzle in Figures 5 and 6 in 

70 cross-section along C-C. Figure 8 shows in end 
view an alterative nozzle to that in Figure 6 having 
only five outlets. Figures 9 and 10 represent in 
different cross-sections, a spray nozzle for produc- 
ing a relatively short throw spray according to the 

is present invention. Figure 11 represents in sche- 
matic form a spray nozzle in combination with an 
extractor for use in a confined space according to 
the present invention. Figure 12 represents in sec- 
tion and perspective, the interior of an aircraft cabin 

20 having spray nozzles and extractors according to 
the present invention. 

In Figure 1, a spray nozzle for producing a 
relatively long throw spray according to the present 
invention comprises a cylindrical mixing chamber 

25 (1) disposed about a longitudinal axis (2) and hav- 
ing a first end (3) with an axially directed gas inlet 
(4) and a second end (5) having an axialy directed 
outlet (6). The mixing chamber also has two radi- 
ally directed, liquid inlets (7) diametrically opposed 

30 on a plane (8) which is perpendicular to the longitu- 
dinal axis (2) of the mixing chamber (1). The outlet 
(6) being narrower than the mixing chamber (1) 
thereby defines a lip (9) which is contiguous with 
the inner surface (10) of the mixing chamber (1). 

35 The mixing chamber (1) also has a first zone (11) 
between the outlet (6) and the plane (8) of the 
liquid inlets. The mixing chamber (1) has a second 
zone (12) between the plane (8) of the liquid inlets 
and the gas inlet (4). 

40 In use, a non-flammable gas, for example air, is 

supplied at pressure to the gas inlet (4) and a non- 
flammable liquid for example water, is supplied at 
pressure to the liquid inlets (7). It is believed that 
the pressurised gas entering the mixing chamber 

45 (1) shears the liquid entering through the liquid 
inlets and entrains most of the liquid to give a 
liquid dispersion in the gas in the first zone (11). As 
this dispersion leaves the mixing chamber through 
the outlet (6) it expands to form a spray. It is 

so further believed that some liquid is retained in the 
mixing chamber and is recirculated until it ulti- 
mately leaves in the spray. Also, it is believed that 
some liquid coalesces on the inner surface (10) of 
the mixing chamber (1 ) and tends to be returned to 

55 the mixing chamber (1) due to the recirculation in 
the first zone (11) to be subsequently dispersed in 
the spray. The relative flows and pressures of gas 
and liquid are preferably adjusted so that recircula- 
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tion does not take place in the second zone (12). 

In Figures 2 to 4, a spray nozzle for producing 
a relatively long throw spray according to the 
present invention comprises an inner body (21) and 
an outer body (22) which may be assembled to 
define therebetween a mixing chamber (23) dis- 
posed about a longitudinal axis (24). The mixing 
chamber (23) has a first end (25) with an axially 
directed gas inlet (26) in the inner part (21). The 
mixing chamber (23) has a second end (27) with an 
axially directed outlet (28). The mixing chamber 
also has two radially directed liquid inlets (29) in 
the inner part (21 ), diametrically opposed on a 
plane (30) which is perpendicular to the longitudinal 
axis (24) of the mixing chamber (23). The outlet 

(28) being narrower than the mixing chamber (23) 
thereby defines a lip (31) which is contiguous with 
the Inner surface (32) of the mixing chamber (23). 
The mixing chamber (23) also, has a first zone (33) 
between the outlet (28) and the liquid inlets (29) 
and a second zone (35) between the liquid inlets 

(29) and the gas inlet (26). 

in use, a non-flammable gas, for example air, is 
supplied to gas inlet (26) at suffieciently high pres- 
sure to achieve ultimately a spray having the de- 
sired throw and a non-flammable liquid, for exam- 
ple water, is supplied to the liquid inlets (29) 
through radial slots (34) in the inner body (21). It is 
believed that the gas entering the mixing chamber 
(23) shears the liquid entering through the liquid 
inlets (29) and entrains most of the liquid to give a 
liquid dispersion in the gas in the first zone (33). As 
this dispersion leaves the mixing chamber through 
the outlet (28) it expands to form a spray. It is 
Further believed that some liquid is retianed in the 
mixing chamber and is recirculated until it ulti- 
mately leaves in the spray. Also, it is believed that 
some liquid coalesces on the inner surface (32) of 
the mixing chamber (23) and tends to be returned 
to the mixing chamber (23) due to the recirculation 
in the first zone (33) to be subsequently dispersed 
in the spray. The relative flows and pressures of 
gas and liquid are preferably adjusted so that recir- 
culation does not take place in the second zone 
(35). 

It is envisaged that the nozzle shown in Figure 
2 may have a spray shape modifier on the outlet 
(28). Such a spray nozzle is shown in Figures 3 
and 4. Figure 3 is a longitudinal cross-section of 
the nozzle and Figure 4 is an end view of the 
nozzle viewed on A-A. The spray shape modifer 
comprises a body (36) positioned in the centre of 
the outlet (28) by three members (37). It has been 
found that such a modifier produces a gas-liquid 
spray of oval transverse cross-section with a spray 
angle ranging from 15* to 26* . 

Using a spray nozzle such as Figure 3 with 1 00 
litres per minute of water and an atnwater mass 



ratio of not greater than about 4:100, a spray with a 
throw of approximately 12m was obtained in still air 
conditions. This spray extinguished a wooden crib 
fire. The back pressure on the water supply was no 
5 more than 12 barg. and the back pressure on the 
air supply was no more than 4 barg. 

Figure 5 shows in longitudinal cross-section a 
spray nozzle according to the present invention for 
producing a relatively long throw spray but not as 

to long as that produced by the nozzles in Figures 1 
to 4. Figure 6 shows the same nozzle as in Figure 
5 in end view on B-B. Figure 7 shows the nozzle in 
Figures 5 and 6 in cross-section along C-C. Figure 
8 shows in end view on B-B an alterative nozzle to 

75 that in Figure 6 having only five outlets. 

In Figures 5 to 8 the spray nozzle comprises 
an inner body (82) and an outer body (83) which 
may be assembled to define therebetween a trun- 
cated cone-shaped mixing chamber (84) disposed 

20 about a longitudinal axis (85). The mixing chamber 
has a first end (86) with an axially directed gas inlet 
(87) in the inner part (82). The mixing chamber has 
two radially directed liquid inlets (88) in the inner 
part, diametrically opposed on a plane (89) which 

25 is perpendicular to the longitudinal axis (85) of the 
mixing chamber (84). The liquid inlets are in fluidic 
communication with an annular chamber (90) 
through which liquid can flow from inlets (91). The 
mixing chamber (84) has a second end (92) with 

30 five or six outlets (93). The angles between the 
outlets for the six outlets configuration (Figure 6) 
are all 30*. For the five outlets configuration 
(Figure 8) the angles are 45* and 30 " . 

In use, a non-flammable gas, for example air, is 

35 supplied to gas inlet (87) at pressure. Non-flam- 
mable liquid for example water is supplied at pres- 
sure to the liquid inlets (88) via inlets (91) and 
chamber (90). 

The resultant spray leaves the mixing chamber 

40 through outlets (93) to be directed to control the 
fire. This type of nozzle produces a spray having 
an ovaJ transverse cross-section. 

It is envisaged that a spray nozzle according to 
Figures 1 to 8 may have more than two liquid 

45 inlets. These liquid inlets may be equally disposed 
circumferentiaJly aroung the mixing chamber to 
avoid any nett radial liquid flow in the mixing cham- 
ber, which may result in liquid coalescing on the 
walls of the mixing chamber. 

50 In Figures 9 and 1 0, a spray nozzle for produc- 

ing a relatively short throw spray according to the 
present invention comprises an inner body (51) and 
an outer body (52) which may be assembled to 
define therebetween a toroidal mixing chamber (53) 

55 disposed about a longitudinal axis (54). The mixing 
chamber (53) has a plurality of outlets (55) equally 
disposed circumferentially aroung one end (56) of 
the mixing chamber. The mixing chamber (53) also 
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has a plurality of liquid inlets (58) and gas inlets 

(57) circumferentiaiiy disposed around the opposite 
end (59) of the mixing chamber, the gas inlets (57) 
being radially inside, and radially aligned with the 
liquid inlets (58). The gas and liquid inlets are 
directed so that gas and liquid flow through the 
inlets impinge on one another, there being equal 
numbers of gas inlets, liquid inlets and outlets. The 
mixing chamber (53) has a surface (61) capable of 
aiding mixing of gas and liquid introduced through 
the inlets (58), (57). The nozzle is shown in longitu- 
dinal cross-section in Figure 9 and Figure 10 
shows the nozzle in cross-section viewed on X-X. 

In use, a non-flammable liquid, for example 
water is supplied at pressure to the liquid inlets 

(58) via a liquid supply chamber (60) and a non- 
flammable gas, for example air, is supplied at pres- 
sure to the gas inlets (57). It is believed that the 
gas and the liquid are mixed in the mixing chamber 
(53) by shear and recirculation. The mixture of gas 
and liquid leaves the chamber through the outlets 
(55) in the form of a hollow cone spray. 

To test the efficiency of the method and ap- 
paratus according to the present Invention, spray 
nozzles having a relatively short throw as in Fig- 
ures 9 and 10 were tested in a confined space. The 
confined space used was a converted shipping 
container. The container was 2.3m wide, 2.6m high, 
12.0m long. The container has 3 flues in the ceil- 
ing; a central flue 1 .0m in diameter and two other 
flues 0.6m in diameter. The container also had 
reinforced walls and a water-cooled floor. A fire tray 
was positioned in the centre of the container and 
was 1m wide, 1m long and 0.2m deep. An outer 
tray 1 .5m square was provided around the fire tray 
for spillages. The container was provided with ther- 
mocouples. Four spray nozzles as in Figures 9 and 
10 were positioned at about 1.8m above the fire 
tray in a square pitch arrangement. Fire tests 
showed that with 8 litres of motor spirit in the fire 
tray temperatures reached their peak (about 
900 *C) within 6 seconds from ignition and the fire 
reached its prime in terms of intensity, temperature 
and smoke after about 30 seconds from ignition. 
Using four spray nozzles with a total water supply 
of 20 litres/min at 80 psig and air supply of about 
200 litres/min at 60 psig, good spray coverage of 
the fire tray was achieved. With the sprays ac- 
tivated at the end of the thirtieth second after 
ignition, the fire was extinguished more or less 
instantaneously using about 1 litre of water. The 
sprays were kept on for about 10 seconds and the 
environnment was survivable 5 to 10 seconds after 
the sprays had been started. No fire reignition was 
observed in some 100 fire tests of various types. 
Subsequent tests showed that a 6 litre motor spirit 
fire could be extinguished with a single spray noz- 
zle as in Figures 9 and 10. Reignition in this 



example was possibly prevented by formation of an 
oil/water emulsion. 

Using the same confined space, tests were 
also performed to simulate fires under vehicles 

5 such as cars on a train. A metal plate was posi- 
tioned over the fire tray so as to leave a flame gap 
of about 25cm. Four spray nozzles of the type 
shown in Figure 9 were positioned two at each side 
of the fire tray pointing at the gap between the 

70 plate and the fire tray. It was found that it took an 
average of about 4 seconds to extinguish a 9 litre 
gasoline fire using only 1.5 litres of water, up to 
40% of which may have been wasted on the metal 
plate. By use of suitably shaped sprays such as 

75 shown in Figure 5 this loss of water may be re- 
duced. The spray nozzles also extinguished a very 
intense fire caused by a strong air current through 
the container. Another test demonstrated that a 
survivable environment could, be maintained inside 

20 the container despite 30-40 litres of burning avi- 
ation kerosine outside adjacent the open container 
door, using 3 spray nozzles such as are shown in 
Figure 5 with a total water supply of 15 l/min and a 
total air supply of 200 l/roin both fluids at 5.5 barg 

25 (80psig). 

In Figure 11, a combined spray 
nozzle/extractor for use in a confined space such 
as an aircraft has an extractor (41) driven by a 
stream of cool, clean, pressurised air (43) provided 

30 by a compressed air supply (not shown). The ex- 
tractor (41) draws in hot, noxious fumes (44) from 
the region of the fire and exhausts them into ex- 
traction ducts (45). The air (48) leaving the extrac- 
tor (41) passes to a spray nozzle (42) having a 

35 mixing chamber (not shown) and a supply (46) of 
pressurised water from the aircraft's on-board water 
supply (not shown). The air (48) and water (46) are 
mixed in the nozzle to produce a spray (47) of 
small water drops with a flow of clean air which 

40 may be directed to control the fire. 

In Figure 12 the fuselage (79) of an aircraft is 
fitted with spray nozzles (72) and extractors (71 ) for 
use in the method according to the present inven- 
tion. In use, the spray nozzles (72) are supplied 

45 with cool, clean air from the aircraft's compressed 
air supply (73) and water from the aircraft's on- 
board water supply (76) which mix in the mixing 
chambers of the spray nozzles to produce a spray 
(77) of small water drops in a stream of air. Hot 

so noxious fumes (74) are drawn up by the extractors 
(71 ), which are driven by the aircraft's compressed 
air supply (73), and exhausted into an extraction 
duct (75). The extractors may be located in areas 
where the hot noxious fumes are expected to col- 

55 lect i.e. the head space of the passenger cabin. 
The spray nozzles may be located in areas of 
higher fire risk such as toilet areas, or over the 
galley etc. A receiver (78) of pressurised air may 
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be used to supply the pressurised air and to pres- 
surise the water supply (76) so that the system 
may operate if the aircraft's engines are not run- 
ning. It is envisaged that spray nozzles may also 
be fitted in place of conventional air conditioning 
vents above passenger seats in aircraft and could 
be designed to function in the same way as the 
existing units under normal flying conditions, in the 
event of a fire the nozzles would automatically take 
up their fire control role. Since the direction of air 
flow for aircraft air conditioning is often from over- 
head air jets to extraction vents mounted at or near 
floor level, it is envisaged that operation of the air 
conditioning system in a fire situation may require 
modification to accommodate the preferred direc- 
tion of air flow for fire control. It is also envisaged 
that the extractors may form part of the aircraft's 
air conditioning/extraction system and may be 
driven not only by the aircraft's compressed air 
supply but also by the increased cabin pressure 
resulting from vaporisation of the water spray. 
Thereby, the extractors may be used to regulate 
the cabin pressure. 



Claims 

1. A method of fire control by use of a spray 
nozzle comprising supplying to the spray noz2le 
separately and under pressure non-flammable gas, 
and non-flammable liquid, the spray nozzle having 
a mixing chamber with at least one gas inlet, at 
least one liquid inlet and at least one outlet, and 
directing the resultant spray emerging from the 
outlet to control the fire. 

2. A method of fire control according to claim 1 
in which the pressurised gas and liquid are sup- 
plied to a spray nozzle having a mixing chamber 
with a gas inlet and one or more outlets, the inlet 
and outlets, being at opposite ends of the mixing 
chamber, the mixing chamber having two or more 
liquid inlets between the gas inlet and the outlets 
and in which the gas and liquid mix in a zone of 
the mixing chamber between the outlets and the 
liquid inlets. 

3. A method according to claim 1 in which the 
pressurised gas and liquid are supplied to a spray 
nozzle having a mixing chamber with a plurality of 
liquid inlets, a plurality of gas inlets and a plurality 
of outlets, the mixing of the gas and liquid being 
aided by the inner surface of the mixing chamber. 

4. A spray nozzle for use in fire control, the 
nozzle comprising a mixing chamber having at 
least one inlet for pressurised, non-flammable gas, 
at least one inlet for pressurised, non-flammable 
liquid and at least one outlet for the resultant spray. 



5. A spray nozzle according to claim 4 in which 
the mixing chamber has a gas inlet and one or 
more outlets, the inlet and outlets being at opposite 
ends of the mixing chamber, the mixing chamber 

5 having two or more liquid inlets between the gas 
inlet and the outlets, and the mixing chamber hav- 
ing a zone between the outlets and the liquid inlets 
for the gas and liquid to mix. 

6. A spray nozzle according to claim 5 in which 
70 the liquid inlets are equally spaced circumferen- 

tialiy around the mixing chamber. 

7. A spray nozzle according to claim 5 or claim 
6 in which the mixing chamber has a single outlet 
which is narrower than the mixing chamber. 

75 8. A spray nozzle according to claim 5 or claim 

6 in which the mixing chamber has a plurality of 
outlets directed to produce a spray of a required 
shape. 

9. A spray nozzle according to claim 4 in which 
20 the mixing chamber has a plurality of liquid inlets, 
a plurality of gas inlets and a plurality of outlets, 
the mixing chamber having an inner surface ca- 
pable in use, of aiding mixture of gas and liquid 
introduced through the inlets. 
25 10. A spray nozzle according to claim 9 in 

which the inlets are directed such that in use, gas 
and liquid impinge on one another. 

11. A spray nozzle according to claim 9 or 
claim 10 In which the mixing chamber has a lon- 

30 gitudinal axis and the outlets are disposed circum- 
ferentially around one end of the axis. 

12. A spray nozzle according to any one of 
claims 9 to 11 in which the gas inlets and liquid 
inlets are disposed circumferentially around the 

35 mixing chamber. 

13. A spray nozzle according to claim 9 in 
which the mixing chamber is toroidial in shape. 

14. A spray nozzle according to any one of 
claims 4 to 13 in which the spray nozzle has a 

40 spray shape modifier. 

15. Apparatus for use in fire control, comprising 
one or more spray nozzles, each having a mixing 
chamber with at least one gas inlet, at least one 
liquid inlet and at least one outlet, and means for 

45 supply pressurised, non-flammable gas to the gas 
inlets and means for supplying pressurised, non- 
flammable liquid to the liquid inlets. 

16. Apparatus according to claim 15 compris- 
ing extraction means which in use, is driven by the 

so pressurised gas or liquid. 

17. A vehicle having apparatus according to 
claim 1 5 or claim 1 6. 
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